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Rapid Diagnosis of Tuberculous Meningitis by Ffequency-Puised
Electron-Capture Gas- Liquid Chromatography Detection j

B.of Carboxylic Acidsln Cerebrospinal Fluid
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Th(e rrequeocy-pulsed d etro-c lure gas-liquid chromnatography technique described previousky by Brooks
$C9 21. w-as modified and applied to the studies of ended and ruline~ clinial specimens. lincentrifuged !Iv

.-erthrospinal fluid 42 full wAs extra.cted under acidic conditions. derivjtized. and linalyzred by frequency-puled DistribdtI&W!
eleclron-capiure gas-liquid chromuatography an L~rge-hure fused silica polar and no.,polar capnllar% columns.
The frequency-pulsed elecrio-capturF gas-liquid chrontatography profile of rarhox~lic acids (C. through cqa All labilitil
along wsith identifiraliun or luberculbieric acid. established by retention time comparison of deritizied Availa:'
therculosiearic acid and ilrrivaitod-stutple cslract. strongly suggests the presence or Mrwrobarieeum Dist spie

tubrcu-losir in patients wsiith 1% .phoc% tic meningitis. Rcsults f~rimSil toiledcases nd 7S-liniral casesshourd
that the frequec.ipulsd eleetron-capture gas-liquid chroniatoigiaphy test had 'a %pecilicit% of 91%T 2nd,a
Wensitisite of 95rS.

0Onc of the 'majordiagoostie problem%. rem.,intaie to be mningilideb. All specimens were free of blood. vihich. if
solednccrn infectiousi and mnf,,eli,,s diseatses thcit piresuti. will chance the I-ICCG. profile it) iotajin peaiks

prcsent:i clinical picture 01 lympfloc)ti meningitis. Such not jiormally seen in blood-free CSI'. However, the die-
diseaes often are notl-readtl~digoved through climcal ijon oriSA is us-ually not affected by the presence oflblood

esainatonandthee tpesl nfettoageitsresiflcu i a the specimen, The NANIRU-3 spec~mens were used in
to isolat~c and culture. Many of lifi;se types of cauisative Iwo coded studies. The clinical eases from the United S;ates
ayn,t ;re never iWcnilifici (91. 1 berculotis mcnitn-ills. and C;.n.id4 uere zlso an:,ly--d ani coddsito.t twJ
ankiih I, c~jscd byw llcb dr-ra w is-risl . iNa lym- the tins

1 
tfiagnosts *rsil after Iixe i-l!C-GLC an.,lvsi. The

p ctc ;spt ;enits -.nd :,iout , month :s required to itollowing information as supplied ssilh moi ,t ea . It %as.,
lt~ethe Organismn. Even then, less than 30'; of the qppoct c p of mernitsii. and there wvas no s-rossth

postie ass rccutuepsiis 11 tttsodski rma 24-h tulturc. Dru. treatment and underlytng tiase

h~c ic~cicprincipallyb~a,:fhxrml PCGCts eut along sith a set of forms. -ere
low nuntl'er oforganisms 14) withcn an reqes for final esatlati
tluid tCSM t the time that tlic pjitient becomes ill of the case and any additional clinical information. T rhere;

Frequency-pulsed electron-capture gas-liquid chromatiog- was an 6s% reply. it cases %here there was no reply the
ruphy (FPEC-GLC) has beers used to ditectr low fcmtomole F!nEC-GLC data were not included. Table 2 contains the
iujntiticswof tuber~ulostearic acid I fSAI in CSF. serum, and data from clinical cases.
pleural fluid 113. 4). FPECZ'GLC has also been used to study Samplepfrcparation. A 0 I-mI of 50r/c (vol/vol) I.SO,
rarboxylic acid profilci of other acids to these fluids (5) along with 0.1 ml] of an internal standard solution containing

hese itudies indicated Il-at FPCC-GLC might be used to 6
.2pidi diagnose tuberculous mnrngiits within I It. The, a pmol off heptanoic acid (C,) tn distilled fl.0 was placed in

puroseof hisin~stgaton as o otai aditona inor. a 0-ml roulnd-bottomn centrifuge lube The tube was theni
purose abou th ispcfiand wasiotinityioa i or-GL taken to a biological safely cabinet. the unceitrifugcd spec-

at dia~nostic test for tbruosmeningitis. imen was mined gently. 2 ml of CSF or serum was added to
lub~rulousthetube. arid the contents %were nmixed by gentle shaking by

NIATI EIAL ANDMETODShand. The sample was checked with 6H- paper to ensure that
MATEIAL ANDMETODSit wascijic (fill2) and allowed to sit at room temperature

Samples. The CSF specimens from U.S. Nasal Research for 2; min. Then. 20 ml of.nanograde chloroform (CHCI,.
Unit no. 3 JNAMRU-3) were Iron clinical casecin Cairo. Mialinckrodt Scientific Products. Stone Mountain. Ga.) was
Egypt (Table 1). They wecre stored and shipped frOzeij: the idded:-and the tuheyas sealed wvthb a Teflon-lined scre~w cap
soloing of these samples ranged from I1t02 ml. and all of the to Avoid contamination from rubber-lined caps. Next. the
specimens were centrifuged, The CSF samples ffhsm clinical sample was shaken for 5 nin with a Burrell wflsl-aclion
canes (Table 2) were also stored and sbiipped frozen. They shaker al a setting of 10. The CIICI, layer was then decanted
were 2- ml in volume and, were not centrifuged. The into a 20- by-ISO-mm screw-cap tent tube snd evaporat~ed in
NsAMRL'-3 samples were from culture-proven cases of men- a fume hood to 1.5 ml with clean. dry CaSO,-liltered air at
ingits. and several cases were of a nonlyosphocytic type Of llIOC in as analyticat evaporator (Meyer. Northborougtr,

__________ Nassj. filled will, sand. The concentrated sample was trans-
Corresponding author, ferred to a 3-mI conical tube with care to avoid any traces of
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TABLE 1. l-PEC-GL.C result. from %iuo(CPre~~ yhi MR..Ci. p

('12'P Un~n~n - -Nii-j,in n.-ii4. Wral~uop A

Unkn..,.ni - - X ,-nvcegiX.. .erogroup A

5pc we UralCA. 0'kin N. 'xwiiou. Crrouip B
J .3 Speciren.' ljnknoan -- Strenn..x ru, pncntn..,,r-

15-Specimnn' None

2 SPsmen't -nn Nonse

- or-k. . I J.a.en.JWud CSF .m .s.te.ni a,v -hn~w~ si.9 ofw,2 -c Olnuifi CF.
(71C. C-u . Av tINsu Co..i

*A. FPEC.GLC romte ki r ca untic, .-pme .,11 peAs HC. 11--0ui C ,) &iowie in - ui~s
lucrp i c J - huena doaxl 1kei-1 4 TsA.

The .f icsrk k .,h

wa~.ter. The &,mple was then futnhcr conenrated in the fuame FPEC-GLC analysis. TCE of carboxthe acids were ani-
hood its about 25; gi. lyzed on Perkin Elmer 3920B gas chromatographs fitit %% it h

Preparat ion of TCE cmers. A I 1 4 dit ution of i nchloiroc h. dtal-elceiron-eapturc 10-mCi ''Ni detectors One mnsini-
,inol t ICEI itastmmin Kodak Ci 'Roehestcr. N.I.) -.as mcnt was equipped %ith a noapolkir. large-bore. bonaded-
prepircd b% :iddini 0.1-n of' frCL.L ml of sWlene Ithis phase. fuased-milca capillary column 10.53-mmin inner dhime-
soflion can.r be st .ored in the refrigerator fir faiture use). ter. 25-os length) that was coated with a 4.4-pamithick film of
Next. 10 l of TCE reagent and 20 fil of heptatluorohutyric OV-1 (Southern Lab App..ratus. North August.. S.C.). andI arihavdride %%ere added to the conentrated sample extract (25 a moderately polar. fisge-bore. bonded-phaise. fufsedl-silica
lt)l in the 3-nil conical tube. The sample was mixed by gentle capillary column 10.5-mm inner diameter. 30-rn length)
'hiking by hsnd. c&Lrkd. ;and allossedt to sit aii room temper. coated with a 1.0-tam-tick film of OV-1701 (J & W Seten-
:ie fair 32 in. An eniison. iwhich formed after the tific. Folsom. Calif.). A polair. farc-bore, bonded-phase.
a :ddition of TCC-hcpiafluorobut~ric .inh~dnde during the fused-silica eapillary column (0.32-mm inner diameter. 25-n
dcnvatie.aitin step. l.iter clceared %ith the addition of 0 2 nil length) coated with a 0.25-gim-thick film of OV-225 ISoauth-
of CHI, -and 0.1 ml of)6)lenc vaith gentle mixing. The cleir ern Lab Appairatus) was used in a scond instrument rtc
solution %%:i% then evaporated to 10 tal with cleso. drn air at instruments were fitted with 0.25-in. tea. 0.625-cm) injector
60Vt in -a sand bot. Extra, care wstaken to avoid'evapoa- ports and connected to the capillairy coalumns with 0.25-in. hv
rating the -.inplc to complete dryncvs. Next. 0.4 nil of (.0625-in. (ca. ft 1f25-enit graphite-redlucing ferrules. fie-
rinograide hesane tMallinekrodt) %-.s .added to ihe samplc. fuinn was the ecirner g^s with a flow rate of 3 mL'min through

Resersed-phase chromatography column cleanup. A dis- ihe OV-1 701 and OV-225 columns at 125*C and 4 mImmn
posible oetiadcyl (C1.) reversed-phase chromatography col- through the OV-l column The instruments were equipped
tim tAnailyfichcma lntec.ition.il. Hal~rbor City. Clfw-s with flow controllers with a range from 0 to 10 Ilin-. The

pf.osed in a VAbEfLUTF I Arimytichemt viciuni manifold. OV-l and OV-1701 columns were held isothermnal at 90'C for
and,2 column volumes of isrthamnol followed by 2 column 4 mm and then programmed to 27.5Cat a rate of 4*Cmin and
volunses of hes;ane;'1veii s.jiraicd through the column, held isothernm.] for 32 main The OV.225 column was held
Hfexane w%-as stmppetU i top air the sorbent bed,. the isothecrmil at 90 C for 4 main and then programmed to 220'C
,aniple was added to iiil:o~imn ind aspiratecd through the din 2*C/nin .ind held isothermial for 12 min. fhe sensitivity of
colmniata:mout 2 manV t I' 26i6 ( 'm vacuum fuarabout 2 the instruments was establihd ba).adjusmnag the make-op
rain, and the eluent wasui- .acd. ilie previously used 3-mI gas (95% argon-57r met hane), the standing current from a

( ~ coical tube was sashe.l% u with I-nsfvolunses ofahdihyl ramnge of 3.5 to 1. and the .mtenuaitinn ait either 512 or 256 so
ether (Fisher Scienitific Ci uar I..isn. N.) Mtd plaiced ir., thait the internal st.mndamtd IC,) g.ive a twice-full-scale pecamk

A a rack, to dry, Nest, the 'If ;&esfer were elted front the with a I-sal injection. New "'Ni foils require higher standing
columin into a III- by 75-mn t, ri.os~ible test tube with 3 art of current (3 to 3.5t. less attenuation (2561. and less mike-up
hesane. rhecelucnt was evsjuoiied timabot 2 ant with clean, gas flow (60 to 65 mI/lmini. On the oilier hand, older 5tNi foils
drv sir in -a W3C Nand bhith. I. 1i sIu of xyfenec waisadded, ;and las~d I nionth or more generally require ;i lowecr standing
then the miple was transfer .rd to the pre'iously ether- rient (I to-2). incre.tscd attenuaition (512). and increased.
washed 3-mI i onical lube aund larthcr evaporated to 10 0s. 4iaakc-up gais flow (75 to 80 maI/mint.
E~tra. cire wa~s taken to avoid liing the s.mmple to complete
dr) ness. Then 100 tId of a 4-, (vol/volt iylen-ethanolREUT
soltibo was added to the sample as a inil solvent. ThseREUT
soluiion was msixed by gentle sliaking by hand, andt the Figure 1 shows analfyses of TCE esters of a denvatized
sample was translered to .a 0.3.ml Teflon-lined screw-cap standard mixture of carboxylic acids IC2 to C2 ); iso acids
glaiss inserted viail (Universal Scienifie. Inc., Atlanfa. Ga), 1 (iC4, iC,. and iCJ. unsaturatedl acids (C1, I- Cl, P . , and
pil of the sample wais used for FPEC.GLC analysis. C, 0 , phenylacetic acid (PAA). and TSA. Aromatie and
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TABLIE 2. FPEC GLC resoit~ from .outvsis 41fdacaloio emr ccried from she Lriicd.stotcs and Coroda'

CWX PI-PL C GLC TSA I
II

t -Fibrinoid acro; voinit
lit- -- Mycloblislic lrn~cmia

Arochnowii;1

.37 Choi mnim

.3R) I " tningoec ptroiii,
319 - -cirli

- ltrucejli'

-t - -it.ccphalitis
<9Ulknon Chronic mningis

Mi UnLaoron -- Viol ecePh.iis,
61 t - - - No ce

612 Untkuo n Altered mnI tal ae
6. -- Carcinoma.touis neningius
M4 - - - - Slrcoado'is
kc N -~eoplasm

66- AIDS siith ccondary
infecion

PO Probuible sirat meningan,
614 - - listoplsmosis
69 n Chronic meninciss

- - ~Viralt mcieifgi

it, - - %'one

-~~ ' Chrnmc mMenuli,

- - - CQCr~iee.k mcing1ii
AllI'iothe P...% r,nihcd tKW~~n~I~)sim ofk. in-pi~o ,flo
(tI. De.u ,. tW-'o Cuoi"A. S-eics r - nrrds 'qcc rt oc, Cc.

unsaturated acids shifted rictentinin rcltionship% (clul. controls. Figure 2A shows the type FI'EC.GLC profie
tug latter than iraighl-chaiin .icid%, of ihe same cirbon chain delectcd from the CSF of a paitient positive for lubereutous
tcntht on the polar column and to z lesser degree on the meningitis with no indication of a secondary disease Ob-
modierately polar column (Fig. 18 ard 0. compaired with serve that C.. C, C,. C,. iC,. C,. C4, . C, l'AA. Cu,. C,.
retention time relationships on the nonpolar column (Fig. C",. C",. c1 , C17. C1., 1. C,.TSA. and unidentified peaKs
1A). Analysis on the highly polar OV-225 column (Fig. ICQ libcled C and E were prcsent-. however, with the excepion
and the nonpolar OV-l columns (Fig. IA) made the bcist of the internal standard. C1, and C,. other peakss were low
combination for identification. and TSA %va% better resolved in concentration. Figure 2B3 shows the .FPEC.GLCprfl
on the OV-l column; however. the OV-225 column cannot obtained from analysis of 2 ml of normal CSF obtained from
withstand the high temperature used with the OV.1 and an individual submitting for a myclogram. With the excep
OV-1701 columns. Therefore, the OV-225 column va used lions of the internal standard and residual ireagents (data not
in a separate instrument. and the OV-l and OV.1701 col. shown). the chromaioagramt n Fig. 2B3 is practically devoid of
umns were used together in the same gas cliromato~raph .peaks. Figures 2C and D show the data obtained from
oven. FPEC.GLC analysis of sera taken from a patient wit

Figure 2 shows chromalograms of TCE-dcrivallLed acidic..-. tuberculous meningitis and It..normal-cootr.espectively
CHOC, extracts of bothCSFa~nd serum from patient% posi.- The major differences in the control sersimoed the serm
live for tubercsulotis meningitis along ssith normal healthy from'ihe patient with tuberculous meningitis snre tncrease
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5iG. I i l'Pdeterminat on orative re te fi ime ndford as uremnst of te iepnstane betw fen PIhe C l. reeni n tis

with standard T SA n etnalses n nu, siss r~ nduc polatr eitm Te concernigte dnifcto o rea.vikn h

capillary Colmns Fi u3 ndntilludstrate thne measuring saer frmwitiabot 23ith d eiseaie d ad as rd~to' of
prnds to6 ban A.oepekwee rsntin rhelcontro retention time.Te relationsep hepfi the dniiainpoes (Fids w3r ande Cio

isr3tltes te prCes ofcmptr cleep and cloisseasre to 01c.mtgefrmthe sibl chan ere can abeodetected to
Tsn dtermanationg wif reate reo the fo TAsmeasuementAbova of th itnetw hrteto n tyisual
bixte Fi .1 a nlzi-vt ek ovrf comparison to Creadferenckngofte saml C.and C4 to01em n d-Fo u e xape whe nit

cpaycolumn sly. Figes 3Arb y and C (itthering sta mp ihro gabst 3 o of de'rivatie sg,1 otaindr CS I

dard), Cj,, and C1. were always pretent in both CSF and Cl., and TSA standards were sligned with'the same acids on



Vol-~.~ RAPID DIAGNOSIS OF TUBERCULOUS MINGITS Bt F.'EC.GLC 99

Zi -~ O ~Ay

00

2 CA3180SA

14.1
I 4j"

a. iif

7 12 17 22 27 32 3 2 4 2 5 62 67

Time, Min.

FIG.. FI'EC.GLC etirontialograms of TCE ester, of CSF and serum ISR) samples from acidic CHCI, extracts The type of bodily fluid

.d the discase are inicated on lop right-hiand corner of eachl etiromatogram. TU. Tubercuiou%. Un, unknown. Peak% C and E indicateunknown conipoundi.

chromatogrtms obtained by FPEC.GLC analysis of CSF peeled of having tuberculous meningitis (Fig. 4B. C. and D)
and or serum taken from different patients (Fig. 2A and C). The CSF from patient CA3031 was analyzed by FPEC.GLC
a perfect overlay was obtained between Cg,, Cm.and TSA. (Fig. 4B8) and reported to be negative for tubercutous men-

Figure 4 shows data obtained by FPEC.OLC analysis of ingitis; this patient was later determined to have carcinoma-
TCE-derivatized acidic CHCI 1 extract of CSF from a second toss meningitis.,We have observed 52 cancer patients (data
patient (CA3117) positive for tuberculous meningitis (Fig. will be presented elsewhere) with this type of FPEC-GLC

p4A) and chromnatograms from three different patciens sus- profile. The FPEC-GLC profile of the patient (CA3OS7) in
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FIG. 3 Comtmriepanded portions of FPEC.GLC chrorrsatogrssss or a TCE-derivatized acidic CHCIj estract of CSF froma pamwn
ICA;11 OSI stive for tuberculoun ineoirigitis. Identification or TSX (the blackened peaks int hromatogratms A and C1 was made t,
dtetrminitg relative retention times ba~sed on meastitieet of the distattce (in centimeters) from [lie Ct and C1, peaks to the ----------
anatlyzing the TSA-spiked samtple (chromatogramN 11 and D) on two types of columns (Pofar OV.22S1 and nonpoidr OV-11 The disit
biete peaks will change as the column ages; therefore. the relationship of elutirig peaks must be checked about every 2 weeks bo antaji
uf standards, '

chromatogram'C wan obtained by analysis of CSE. taken negative for tuberculous meningitis by FPEC-GLC andshe
from a patient with acquired itnmunodeficiency iyodrome criteria. The FPEC-GLaC prollles -fom -the CS) of 1k
(AIDS: CDC classification group IV), who w svt uspccted of termtnally tll AIDS patient (Fig. 4C) aod the cance Iae
baving tubercuous meningitis bit wan (teridosermined lo be (Fig. 48) were similar. We have observed hbis , ,
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FIG 4 FPEC.GLC chromalograms of TCE esters ofa cidc CHCI , extracts of CSF Chromatogran A shows CSF a patient wthuIborculous meningitis Chrom.itogram B is from a p.mt 1no "ho was suspcted of having tuberculous meningitis but was later determined tohave carcinomatous mcningois. hrurmtogram C is from.a terminaly Il patint with AIDS who was negative for tuberculous meningitis. andchromiitogram D is fromo patient who mij, p)itive f r humn immuod ¢icency virus and who had tuberculous meningitis.

WI
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FPEC-GLC profile from 3S terminalls ill paitient% with AIDS In onecsem(no. 74. which we included in ourcalculautions a%.f exainined thus fair (unpublished d.,tit. ie I*I'iEC-GI.C pro- false-positive). tuberulosis was given as the finial diagnosis
tile if passani CA3252 (I'sg. 4D) is obituned by -.analysis of Since the paient wais initially listed aN haing meningitis and'
QSIF from-., human immunodefi~ienc v sinis auilibody-posi. .s. ISA positive, we noiw believe ihis was another case
Ite c~i~u iathstiufiieds. waisnot eiseiiitbit AIISS where someone faiiled it, Isolaite - uthe-n "fasts from the
ha.d ntdeseloped).l. ii P.,t~jeit was , fiiid fit be posiis fii: lASt. Wa. wsere not supplied witi mfimiion on drug
tiiherttloos icninigilii by Luliure. and 'SA %.I% tiiuit ilicr.ipy tudiiiiiviiterrdth bs pitielt .s'redrawoati thcC.'SI

analysis. At this iime we have anails id the CSI .ind ber:i B~ased on results listed in I rbas .id 2. wc' cailimuiated the
From four patients with AIDS: the samnples were positive for specificity of the FIil-C-GLC test for tubercutous meningitis

34 ripha irunat uitai,butl -ISA w'.io not det'eeted. Figure to be 91% aind the sensitivity to be 95%,

itubereutoos meningii alone trig. 4A). but the dciin of gitis hive not been succssfual. Possible reasons for the lak
'ISA in thc CSF of this patient along with the absence of of success aire as followys: (I) the small number of the,TISA inA .1.itin patients strongly Suggested infection with orgaimsi hat are present in the CSF. liil the host of

M1. unh,'rsulata this assumption was liter confirmed by diseases. infectious1 and noninfectious. that present a clinicail
euliur&. The serum of this patient alsof contained TSA. picture similar to that of tubercul6uas meningitis 19). and tin

Ta.ble I presents; data obtained front a. collaborative re. the causative agents are difficult to isolate and diagnose. rhe

ciided specimens are indicated fin Table 1. Ntost of the, nostie problems because of the clinical pictures. are similair to
tubeculus enigits seciensaniyie Ipart of the those found in cases of tuberculous meningitis lI'able 2)
NANRU- stdy erecultir poitie. omepatients had Another area where FPEC-GLC is potentially beneficial

begu thrap (Tale ). ata btanedfrom follow-up involves the presence of secondary diseases such as in a
-anatlysis of positive cases sf tuberculos imningii indicates patient with AIDS and tuberculous meningitis ot patients

tha cfcciv thray fr to7 a~sca loerthe concen. with cancer -and tuberculous meningitis. For TISA to be
;--n oTSAin heCSFbelw te PCGLC detection detected by FPEC-GLC analysis it must be nonbound Ipo%-

imt%. nepatent(Tblc1.CA2 ) hd ll ifthe clinical scss a free carboxyl group) At this time we have only
symptoms f tuberculous meningiti-. and an FPEC-GLC detected TSA in the CSF and scru of paitients posits c for .11
profile posittve for tiberculous nieningitri. including TSA. iiiliirciluiir. In limited studics we have not detected non
and impioscd ss'ith theraipy. therefore. baised oin these data bound TSA in positive caises of At. iiiin or Nmaiird'a
and reports by others 191 thai a~cut S50% ofal .i ositive cases infection (51. In such cases the detection of TSA in the CSF
sere neser cultured. wve Lonsidered this% cawe positive for by FPEC.GLC indicates infection with At tuhiriiilosii
tuberculous mteningitis even 'ihiough ain organisms was ini flased on evidecpresented in pist reports ll-8i.isd datain
recovered by culture. In the case tCA28it7 in r'abic I) thot this report. FPEC-GLC maiy eventialy be useful asa.n .in i0
%,.is false-positive, the FPEC.GLC profile. excluding TSA. the diaignosis of some other type of diseases that givc .1
wais negative fur tuberculous meningitis, aInd. because of a clinical picture mildar to that o1 tuberculoti meningitis
slight column change in elation charaictcritw. we had Other workers 110 P. A. Mardh. L. Larrson. N.* Hitr
mislabeled a peak an sfSA that had a retention time very H. C. Englebrack. and G Odham. Letter. L-ancet 0:3v
close to that ofTSA. Later when we begain to determine the 19fi3; G. L. French. C. Y. Chan. S. W Cheung. R Ycoh 't
relative retention time for rSA (baised tin ieasutements 1. Humphrtes. and G. 0, Mahony. Letter. Lancet i:fiS;2.
frotii Ci..and Cj ). we recognized the reason for the mist. 198i7) have'ieportcd the use of gas ehrommiography-majs
denttficaition. spectrometry to detect TSA in the CSF 01 patients iih

Table 2 shows daita obtained from the FPCiC-GLC analysis tuberculous meningitis. We reported 141 the detection P1
or clinical spaeimens. rhe aictual Centers for Disease Con! TSA by gas chromatography-mass spectrometry in the Orf
trol ni~mbcrs have been changed for purposes of clarity ot of patients wuith tuberculons meningitis. however, the koan

the table. In cases I through 27. the clinical s) mplomn were centratton of TSA had to exceed 100 fmol per 2 mid (oc4positive. the FPEC.G;LC profile wuas positise. TSA was detection. Further, we found that in most positive cases ino
p0sitive, and the final evaluations of the physicians were concentration of TSA was about 25 fmol per 2 ml of COF
posittie based on response to dnig therapy andlorculture. In Although FPEC-GLC is capable of detecting 25 finn) -4
cases 28i through 37 tuberculous meningitis was initially TCE-derivatizedTSA per 2mnlofCSF. certain aspects ofie
suspected. but FPEC.GLC results were negative, and the lest should be reemrphasteed, (i) The entire FPEC-GLC fain
final evaluations of the physicians, were negative with no acid profile (Fig. 2 and 4A. 7 to 70 min) 'along wth'1
indication of the caiusattve agent. I haroiighout the remainder should be observed for determination of tsuberculous tmrno
of Table 2. we show results fromn several preireated canes gills. The fatty acids are low in quantity 'and ' number hlu,

and several cases from which we received a fintl evaluation compared with tbose in many other types of diseases Is,
from the attending phys ician.The cases that were submitted I'SA must be identified by carefully measured retention sun
'after therapy and had a positive FPEC.GLC profile but were comparisons to00. 1 em between known and unknown pei
negative for TSA were not considered false-negatives. since, obtained from 'analysis on high-resolkilon polar and soupU
the test specified (as% previously determined by research) the capillary columns or by overlay of a stop chan chrifti4
use of 2 nil of uncentriluged CSIO dt-.wn before drug therapy, grant with a chrornitograus of deriVattLed standirdsolawa
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from both polar and nonpolar column analis. (ii) The electron capture gas-liquij chromatograiphy goien4sptc ,
-ih organic solvent. and the- sensitivity of the instrument 8:23-201tshlould be esiablishei on the basis of ins itcni:pos to 4 Brooks. J. B-. M-. L. Danesh2r. D. MI. Fall, and R. C. Ginid.the internail la~ndard livI Samplcs 4f2 red0 Pof ncenliifugcd, 1487 Sclcinlvc Procedure% for detecting lemtiimolc quoiintitbltosl ' free CSI' rcscr.'id by freezing, ssiti no aidded p.~r%. Iibhlcutuseieacidn~ in seri~m and ctrebroruiul flid by fee.ers .ites. should be used. Iv) h-ich-piirity ,iIvcnts. cleain qlneucy-pulsc- etectrunncarnrc gVisliquid chroma.tography. 3,

u~d orexratin nddoivim pinljtunks J. Ii.. J. V. Ri. Ia. M4. Fast, and AS. 1. )memn.- fripliracin .rin ad deriaii,.iion tO?.u 3 S ' 197 eeto of metabolites by frequencytputsed electron.
deriatvccan be prpaied udtanaoly.c anda~t 3h ca pture gas-liquid chromnatograptty in serumn and ctrebrospinal'atiescn bepreare simll~ncosly.andeat can be fluid of a patient with A'ocurdwi infection. J. Clin Msicrobivol.,n.lYZed byDv FPEC.GLC in 701 min, Sample% catn be injeclid 2.4:443-448,into [he gao chromtograph withi an autos~tmpler. which 6., Brunks, J. B., Dt. S. Kcilug, Jr., Al. E. Shepherd, and C. C.pemits analysis durine nonworking hours. thus providing Alley. 190. Rapid differentiation of the-major causative agentsmaxtimumsus fc trhe l ci% chrotogrtph. Additional benecfit% uf biclerial meningitis by use ;r frequeniypalsed electron.oautomatic inJcIon"s aIre more reproducible retention capture gas~iquidl chromatograiphy: ainalysis of acid%. i. Ctinlimes ssiih increaised accutraicy and precision. This is espes. Microbial. 11:45-31,ciaill true where multiple operators are involved or the 7- Druks. J. IB.. J. E. MceDade. and C. C. Alley. 1981. Raipidupeflitor does not fully understand conditions thatn can cau~e differentiation of Rocky Ntuunti $Spotted fever from chickenstriaion, Pon. measles, and enilerovirus infections and bacteeia] memuigi.

Isby frequecncy-Pulsed electron-capture gas-liquid chrnmdto11.-LITERATURE CITED Wahy. 1. Clin. 74icrobit 14,t63-t72.S. Brunks, J. B., 0. yonex.kjnliet, It. j. Wycuof, audi., C.I. urmils 1. IS.. Mt. T. Btlj A. Mt Elinh~n. dud C. IV. %firs. lierhulzer. 1964. Studies of stools fromni peudiimembranoii191,t Rapid ,,lrniiinifeteuisen'Ciis Ik s/ colis. rotarirat. and iotheritsarrhejl Syndromes by frequency-itsai Prislutc bedtlstlite .ind becat-labite tuxins bsy firqueney. Pulsed elettron-cepture, g.is~lisusd cltrosnjstgriptiy. j, Ctin. 'pulsed teiwrun-c.ptnre raisliituid thrmoni~~pli .snjsysis of Ntscrobsol 20:549-560,distribkit stiiol pecimctn. J, Clin. Nlitrbislf. .10,1143-11S3. 9 FlIfner, J. J.. .ind J. E. Benonetf. 1976 Chronic meningitis. I,t trnuks. J. It - W. 9t. Cherry, 1. Thicker, ,.ud C, C. Alley. 1971 3S(t-3511, The Wilkims .ind Wilkins Co . Btimore,.Inksi 'i by g.ss cirovtatuoraps) tt iin- ttid ustrosinve 1tt, French. C., 1'. Chin. S. %V, Cheung .ind K. I. ()n. 1987Prisluscil us vivo and in vitro by I'rwi3 siiirisirs I, Infest. Diagnosis of pulmonary tuberculosis b y detection of iubercn.IDis. 126:14)3.113, 
lostecarc acid in sputum by using gis chromitufraiphy.ndssO runks. J. IS., R It . Criieu. Dt. Sisilsnslirg, C Altey, and $petrocir Yvith selected ion monitoring. J. Infect. IDis. t36-

IF.MS. Prinis. 197$. liossstle usec of Wrqiscsus~sustie 5-362.I
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